COMPUTER KEYBOARD DISPLAY DEVICE CONTROL 




Field of the Invention 

This invention relates generally to computer keyboard control of the 
characteristics of a display device coupled to a computer, and more particularly to such 
keyboard control through the basic input/output system (BIOS) of the computer. 



Background of the Invention 

As computer technology has advanced, computer users have grown accustomed 
to greater ease of use when utilizing computers. For example, modem devices, which 
permit a user of the computer to among other things connect to the Intemet, have gone 
from extemal devices having separate controls to intemal devices controlled through a 
keyboard operatively coupled to the computer. 

However, this ease of use has not fully extended to display devices for 
computers, such as monitors housing cathode-ray tubes (CRTs). Characteristics of 
display devices, such as brightness, contrast and volume, are usually controlled through 
separate controls on the display device itself. As the size of the monitor in a typical 
system has increased, and as the applications in which a computer is used more as a 
home entertainment system than as a business system have become more common, the 
monitor is frequently located far away from the rest of the computer system. 
Controlling the characteristics of the display device in these situations poses a 
disadvantageous inconvenience to the user of the computer. 

Even computer designers are disadvantaged by this lack of ease of use in 
controlling display device characteristics. For example, laptop computer designers are 
forced to integrate the controls for the display device of a laptop computer, typically a 
flat panel display such as a liquid crystal display (LCD), as hot keys on the keyboard. 
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However, this means that proprietary hardware and software typically must be 
developed for every different type of laptop to control the display device characteristics, 
which is burdensome and costly. 

Software-only solutions to controlling display device characteristics are also 
5 problematic. Such software-only solutions are usually stand-alone or terminate-and- 
stay-resident programs. For example, a user of a PC-compatible computer running a 
Microsoft Windows operating system may load a stand-alone program from a hard disk 
drive into memory. A drawback is that such a stand-alone program is operable only if 
the Microsoft Windows operating system is used. The program may also not be 
10 compatible with other programs running on the computer. Most significantly, such 

stand-alone programs must be the active program in order to work. For example, a user 

O who loads such a program and then subsequently loads another program has to first re- 

O 

select the program before being able to use it again. 

Terminate-and-stay-resident programs also have numerous drawbacks. 



1 5 Terminate-and-stay-resident programs operate at a lower level within the operating 

system than do stand-alone programs and therefore stay active all the time. However, 



they are generally still specific to a particular operating system, and cannot be used with 

fU different operating systems running on the same computer. Furthermore, such programs 

ry 

^ are known to be incompatible with other programs, limiting their usefiilness. 

20 Terminate-and-stay resident programs also take up valuable lower or base memory on a 
computer (i.e., the lowest 640 kilobytes of random-access memory on a PC-compatible 
computer). 

There is a need, therefore, for controlling the characteristics of the display 
device without having to use the separate controls on the display device itself. There is 

25 a need for providing for such control without the need for burdensome and costly 

proprietary hardware and software. There is a need for providing such control that is 
not specific to any particular operating system. There is a need for such control in a 
manner that is compatible with other programs that may also be running on the 
computer at the same time, that does not take up base memory, and that is active to the 

30 computer user at all times. 
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Summary of the Invention 

The above-mentioned shortcomings and needs are addressed by the present 
invention, which will be understood by reading and stud5ang the following 
specification. The present invention describes keyboard control of the characteristics of 
a display device through the basic input/output system (BIOS) of a computer. The 
BIOS recognizes one or more predetermined sequences of keystrokes entered on a 
keyboard coupled to the computer. Each predetermined sequence controls a 
characteristic of the display device through the BIOS. 

In one embodiment, the display device is responsive to at least one display 
control command from the computer, each display control command associated with a 
display device characteristic. Entry of a predetermined sequence of one or more 
keystrokes on the keyboard causes the BIOS of the computer to send a display control 
conmiand associated with the predetermined sequence to the display device, to change a 
characteristic associated with the display control command. Such characteristics 
include brightness, contrast and volxmie. 

In this manner, the invention provides for a number of advantages. The display 
device characteristics are changed without resort to any separate controls on the display 
device itself Because a BIOS is foimd within nearly every PC-compatible computer, 
costly and burdensome development of new hardware and software is not required. 
Also because keyboard control is implemented within the BIOS, it is not dependent on 
any particular operating system. Because the invention is not a computer program 
executed by the operating system, it also cannot conflict with any program within 
memory that is executed by the operating system. As part of the BIOS, the invention 
does not take up scarce base memory, and is active to the user at all times the computer 
is on. 

Different embodiments of the invention include computerized systems, a basic 
input/output system (BIOS), a computer and a computer-readable storage medium, all 
according to the principles of the invention. Still other and further aspects, advantages 
and embodiments will become apparent by reference to the drawings and by reading the 
following description. 



Brief Description of the Drawings 

FIG. 1 is a diagram of a computerized system in which the present invention is 
typically implemented; 

FIG. 2 is a block diagram of one embodiment of the invention; and, 
5 FIG. 3 is a diagram of one embodiment of a look-up table of a BIOS for the 

present invention. 

Detailed Description of the Invention 

In the following detailed description of the preferred embodiments, reference is 
10 made to the accompanying drawings which form a part hereof, and in which is shown 
by way of illustration specific preferred embodiments in which the invention may be 
practiced. These embodiments are described in sufficient detail to enable those skilled 

0 

Q in the art to practice the invention, and it is to be understood that other embodiments 

t ■ may be utilized and that logical, mechanical and electrical changes may be made 

15 without departing firom the spirit or scope of the invention. The following detailed 

description is, therefore, not to be taken in a Hmiting sense, and the scope of the present 
invention is defined only by the appended claims. 

The present invention provides for computer keyboard control of display device 
characteristics. The present invention is not limited as to the type of the computer on 



P 20 which it operates. However, a typical example of such a computer is shown in FIG. 1 . 

Computer 10 is a desktop computer, such as a Gateway 2000 desktop computer. Not 
shown is that computer 10 also comprises a random-access memory (RAM) (preferably, 
at least sixteen megabytes), a read-only memory (ROM), a processor (preferably, an 
Intel Pentium processor), and one or more storage devices, such as a hard disk drive, a 
25 floppy disk drive, and a tape cartridge drive. Preferably, computer 10 is running a 

Microsoft Windows operating system. Also not shown in FIG. 1 is that computer 10 
includes a basic input/output system (BIOS), which is a set of programs typically 
installed in the ROM or a storage device of a computer and which provide the most 
basic control and management of the computer's hardware. 

30 
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Computer 10 as shown in FIG. 1 includes and/or is operatively coupled to 
keyboard 12, display device 14, and mouse pointing device 16. Keyboard 12 permits 
entry of textual information into the computer via depression of one or more of a 
plurality of keys. In particular, in conjunction with the present invention, keyboard 12 
5 permits entry of one or more predetermined sequences of one or more keystrokes by a 
user of the computer, each predetermined sequence controlling a characteristic of the 
display device through the BIOS. Mouse pointing device 16 is an input device 
permitting control over the graphical user interface of the operating system (e.g., a 
Microsoft Windows operating system). For example, mouse pointing device 16 permits 
10 a user to control the movement of a pointer within the graphical user interface. The 
invention is not limited to any particular pointing device 16. Other devices include a 

H touch pad, a wheel, a trackball, and a joystick. 

Q 

Q Display device 14 permits display of information by the computer, and 

preferably includes a speaker to make audible other information from the computer. 

4^ 1 5 The invention is not limited to any particular display device 1 4. In the case of a non- 

l^j portable computer 10, display device 14 is preferably a monitor housing a cathode-ray 

f tube (CRT). Preferably, display device 14 is responsive to at least one display control 

Q command, where each display control command is associated with a characteristic of 

nj 

«j the display device. Characteristics of display device 14 include but are not limited to 

O 20 contrast, audio controls (such as volume), vertical sizing, vertical positioning, horizontal 
sizing, horizontal sizing, horizontal positioning, pin cushion, rotation, trapezoid, and 
brightness. Typical display devices responsive to display control commands include 
those that support the VESA display data channel (DDC) standard. DDC is known to 
those skilled in the art, and described in a technical overview published at the Internet 
25 world-wide-web site http://www.catc.com/ddc_tech.htm, which is hereby incorporated 
by reference. Further information regarding DDC is described in the DDC 2.0 standard 
specification, available from the Video Electronic Standards Association (VESA), of 
San Jose, Calif, which is also hereby incorporated by reference. Display device 14 is 
preferably a DDC2B OR DDC2AB-compliant monitor, and is also preferably what is 
30 know within the art as Plug-and-Play compliant. 
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In conjunction with the computerized system shown in and described in 
conjunction with FIG. 1, the invention operates as follows. A user of the computer 
enters a predetermined sequence of at least one keystroke onto keyboard 12. This 
sequence corresponds to a display control command, to which display device 14 is 
responsive. The BIOS of computer 10 detects this predetermined sequence, and in 
response sends to display device 14 the corresponding display control command. This 
display control command corresponds to changing a characteristic of the display device 
(increasing the brightness of the CRT, for example). In response to receiving the 
command, display device 14 changes the characteristic associated with the command 
correspondingly. 

The operation of the present invention is better illustrated and imderstood by 
reference to FIG. 2, which shows a block diagram according to one embodiment of the 
present invention. Computer 10 includes keyboard controller 18, look-up table 22, 
BIOS 20, and display device controller 23. Display device 24 is separate to computer 
10, and is operatively coupled to controller 23 of computer 10. Keyboard 17 is also 
separate to computer 10, and is operatively coupled to controller 18 of computer 10. 

Within computer 10, keyboard controller 18 is operatively coupled to BIOS 20, 
which itself is operatively coupled to look-up table 22 and display device controller 23. 
Display device 24 in one embodiment is internal and resides within the computer (e.g., a 
portable computer), whereas in another embodiment it is external to the computer (e.g., 
a desktop computer). The present invention is not Hmited to any particular component 
residing in any particular physical device. 

Controller 18 is a keyboard controller, preferably an integrated circuit (IC) such 
as the Intel 8042. Keyboard controllers, such as those described generally on page 920 
et seq. of the Indispensable PC Handbook (2d ed.), which is hereby incorporated by 
reference, are known within the art. Generally, controller 18 constantly scans circuits 
leading to the key switches of the individual keys within keyboard 17. It detects the 
increase or decrease in current from the key that has been pressed. By detecting either 
an increase or decrease in current, the controller can tell both when a key has been 
pressed and when it has been released. Each key has a imique set of codes associated 
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with the key. These codes are known as scan codes. There are two scan codes for each 
key, one for when the key is depressed and the other for when the key is released. 
When a user presses or releases a key, controller 18 stores the associate scan code in its 
buffer, and then signals BIOS 20 via an interrupt request (e.g., IRQ 1) that it has a scan 
5 code waiting in the buffer. BIOS 20 then receives this scan code from controller 18. 

Upon receiving the scan code, BIOS 20 instructs controller 18 to delete the code from 
its buffer. 

As has been described, BIOS 20 is a Basic Input/Output System, which is a set 
of programs installed in the ROM or a storage device of a computer and which provides 
10 the most basic control and management of the computer's hardware. Upon the 

computer booting, BIOS 20 is typically transferred into RAM, and it is this copy of the 
BIOS that is used typically to provide the basic control and management of the 
computer's hardware. As compared to the other levels of software of a computer 
(operating system and stand-alone programs), the BIOS is the bottom-most software 
1 5 layer in the computer. It fimctions as the interface between the hardware and the other 
layers of software, isolating them from the details as to how the underlying hardware is 
M actually implemented. Thus, the underlying hardware can change without affecting the 

^ higher level software. 

lU BIOS 20, upon receiving a scan code from controller 1 8, determines if the scan 

O 

^ 20 code corresponds to one of the ordinary shift keys or one of the keys that are considered 
to be special shift keys and toggle keys, such as CTRL, ALT, NUM LOCK, CAPS 
LOCK, SCROLL LOCK, FUNCTION, INSERT, etc. If the scan code corresponds to 
one of these latter keys, BIOS 20 maintains a record of which of these keys are being 
pressed, by changing what is known as a "shift-state" byte. For all other keys, BIOS 20 
25 translates the scan code by looking up the scan code, along with the record of which of 
the shift keys, special shift keys, and toggle keys are currently being pressed, in look-up 
table 22. Look-up table 22 is also implemented within the ROM or a storage device of a 
computer (e.g., computer 10 of FIG. 1). After translating the scan code by looking it up 
in table 22, BIOS 20 executes the corresponding command. With respect to the present 
30 invention, BIOS 20 sends display device 24 the display control command corresponding 
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to a sequence of keystrokes entered on keyboard 17 and detected by controller 18. 

The embodiment of the present invention as shown in FIG. 2 works as follows. 
Controller 18 detects a series of keystrokes entered on the keyboard and sends the scan 
codes corresponding to the keystrokes to BIOS 20. BIOS 20 translates the scan code by 
5 looking up the scan code, along with the record of which of the shift keys, special shift 
keys, and toggle keys are also currently being pressed, in look-up table 22. If the 
keystrokes entered on the keyboard correspond to a display control command, then 
BIOS sends to display device 24 this command through display device controller 23, the 
construction of which are known within the art. Display device 24, upon reception of 
10 the command from display device controller 23, correspondingly changes a 
^ characteristic of the device associated with the command. 

s 

O For example, the user may have entered on the keyboard the series of keystrokes 

Q 

CTRL-SHIFT-+. Controller 18 detects this series of keystrokes and sends the scan 
5 codes corresponding thereto to BIOS 20. BIOS 20 may translate the scan code 

%0 15 correspondmg to the series of keystrokes CTRL-SHIFT-+ in look-up table 22 as 

corresponding to a display control command increase brightness. BIOS 20 then sends 
this display control command to display device 24 via display device controller 23, 

O 

RJ which correspondingly increases the brightness of its display tube. For example, for a 

m 

Q DDC-compatible device, the display control command is sent by BIOS 20 over the 

^ 20 display data channel of the device. 

The present invention is not limited to any particular set of keystrokes mapped 
to any particular set of display control commands associated with specific display 
device characteristics. Any keystroke can be mapped to any display control command 
associated with any specific display device characteristic without departing from the 
25 scope of the invention. One particular embodiment of keystroke to display control 
command mapping is shown in FIG. 3, which is a diagram of one embodiment of a 
look-up table of a BIOS for the present invention. Table 26 includes columns 28 and 
30, in which column 30 Hsts the characteristic of the display device control command 
corresponding to the keystrokes listed in column 28. Thus, the BIOS looks up the scan 
30 code representing a particular sequence of keystrokes in colxmm 28, and sends to the 
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display device the display command for the characteristic in column 30. 

As has been described, the present invention provides for a number of 
advantages. Because the invention is implemented within the BIOS of a computer, the 
invention is operating system independent. The BIOS of a computer is at a lower level 
5 within the computer's architecture than is the operating system. Any operating system 
implemented on a computer generally must interact with the computer's BIOS. By 
implementing keyboard control of display device characteristics within the BIOS, the 
invention is not tied to any particular operating system. 

Because the invention is unplemented within the BIOS, it is also compatible 
10 with most existing stand-alone programs. Stand-alone programs are at a higher level 
within the computer architecture than operating systems. A given program access the 
Q operating system, which then accesses the BIOS, which then accesses the hardware. 

|2 Because the invention implements its functionality at a different lower level within the 

0] architecture as compared to stand-alone programs, the potential for incompatibility is 

5 15 reduced greatly. 

Pi 

• The invention also provides for the advantage of not taking up scarce base 

a 

1==* memory of a computer. Terminate-and-stay resident programs, by contrast, are stored 

O. 

ff^j in the lowest 640 kilobytes of RAM of a computer. This memory is scarce in that 

g significant functionality of the computer must reside within base memory. By residing 

H 20 with BIOS instead, the invention conserves base memory. 

The invention provides for immediate and automatic functionahty as soon as the 
computer turned on. When the computer is tumed on, the BIOS conducts a series of 
complex test of all hardware devices installed on the computer (known as the Power-On 
Self Test, or POST). After this test is complete, the operating system is then loaded. 
25 By the time the operating system is loaded, the BIOS is aheady functioning, and the 
invention is available to the user. 

The present invention also provides for keyboard control of the monitor that is 
always active. When an appropriate sequence of keystrokes is entered into the 
keyboard, the BIOS conveys to the display device the appropriate corresponding display 
30 control command. Because the BIOS is at a lower level than the operating system or 
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stand-alone programs, it conveys the command to the display device before the 
operating system or a stand-alone program can act on the keystroke. Thus, entering in 
the predetermined keystrokes (as exemplified in FIG. 3), permits such control regardless 
of the operating system and stand-alone programs running on the operating system. 

Finally, because the display device is controlled by the keyboard, resorting to 
separate controls on the display device itself is imnecessary. Insofar as the display 
device is located at a distance fi-om the keyboard, this renders imnecessaiy the user of 
the computer having to get up and go to the display device to change its characteristics. 
Moreover, costly and burdensome development of new hardware and software is not 
required, since the invention utilizes the BIOS. 

Although specific embodiments have been illustrated and described herein, it 
will be appreciated by those skilled in the art that any arrangement which is calculated 
to achieve the same purpose may be substituted for the specific embodiment shown. 
This application is intended to cover any adaptations or variations of the present 
invention. Therefore, it is manifestly intended that this invention be limited only by the 
following claims and equivalents thereof 
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